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Abstract  
Background: The laparoscopic approach to cholecystectomy has overtaken open 
procedures in terms of frequency, despite open procedures playing an important role 
in certain clinical situations. This study explored exposure and confidence of 
Australasian surgical trainees and new fellows in performing an open versus 
laparoscopic cholecystectomy.  
Materials and Methods: An online survey was disseminated via the Royal 
Australasian College of Surgeons to senior general surgery trainees (years 3-5 of 
surgical training) and new fellows (fellowship within the previous 5 years). The 
survey included questions regarding level of experience and confidence in 
performing an open cholecystectomy and converting from a laparoscopic to an open 
approach.  
Results: A total of 135 participants responded; 58 (43%) were surgical trainees, 58 
(43%) were fellows and 19 (14%) did not specify their level of training. Respondents 
who were involved in more than 20 open cholecystectomy procedures as an 
assistant or independent operator compared with those less exposed were more 
likely to feel confident to independently perform an elective open cholecystectomy 
(87.8% vs. 57.3%, P = 0.001), independently convert from a laparoscopic to open 
cholecystectomy (87.8% vs. 58.7%, P = 0.001) and independently perform an open 
cholecystectomy as a surgical consultant based on their level of exposure as a 
trainee (73.2% vs. 45.3%, P = 0.004).  
Conclusion: This study suggests the need to ensure surgical trainees are exposed to 
sufficient open cholecystectomies to enable confidence and skill with performing 
these procedures when indicated. Greater recognition of the need for exposure 
during training, including meaningful simulation, may assist. 
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Keywords: conversion to open surgery, laparoscopy, learning curve, minimally 
invasive surgical procedures, simulation training. 
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1. Introduction 
 The laparoscopic approach to cholecystectomy has risen in popularity since 
its inception by the German surgeon, Professor Erich Mühe, in 1985, and now 
supersedes the open approach in terms of frequency [1,2]. Laparoscopic 
cholecystectomy is the procedure of choice in the treatment of symptomatic 
cholelithiasis due to its association with decreased morbidity, shorter recovery time 
and lower cost [3,4]. As the laparoscopic approach to gallbladder surgery has 
become widespread, the technique has been successfully used in more complex 
situations such as acute cholecystitis and obese, pregnant and paediatric 
populations [5-8]. The uptake of laparoscopic surgery has also meant that technically 
more difficult procedures such as common bile duct exploration are increasingly 
being undertaken via a laparoscopic rather than endoscopic approach. The result of 
the increasing use of laparoscopic surgery is that open gallbladder procedures are 
seldom performed and as such, teaching of this method is in decline. 
 
In the USA, logbook entries for surgical trainees have decreased from an 
average of 54 to 14 open cholecystectomies between 1988 and 2001 [9]. 
Conversely, laparoscopic cholecystectomy rates increased from an average of 0 to 
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86 during the same period. This trend has raised concerns that surgical trainees may 
receive inadequate exposure in performing open cholecystectomies. The technical 
skills and confidence for a general surgeon to convert to or perform a 
cholecystectomy through an open incision still has relevance in the laparoscopic era; 
tactile sensation and feedback afforded by the use of the hand cannot be 
underestimated. Indeed, the anatomical exposure and biofeedback from open 
access surgery is still indicated in challenging clinical scenarios.  
 
In Australia, cholecystectomy is one of the most common procedures 
performed by general surgeons, second only to inguinal hernia repair [10]. Recent 
figures show that approximately 36,000 elective cholecystectomies and 13,500 
emergency cholecystectomies are performed in public and private hospitals per year  
[10]. The aim of this study was to explore the experience and confidence of surgical 
trainees and recent surgical fellows in performing open cholecystectomies in an 
Australian setting.  
 
2. Materials and Methods 
This cross-sectional study surveyed general surgery trainees in years 3-5 of 
the training program and general surgeons who received fellowship from the Royal 
Australasian College of Surgeons within the previous 5 years (i.e. 2010-2014). The 
survey was distributed to trainees and new fellows via a Royal Australasian College 
of Surgeons emailing list and completed online using SurveyMonkey®. Institutional 
human research ethics approval was obtained for the study.  
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The survey contained 14 items, including 8 questions on surgical experience 
with performing open cholecystectomies (i.e. witnessing/assisting, performing under 
direct supervision and performing independently), 2 questions on level of confidence 
and 4 demographic questions on year of medical school graduation, gender, trainee 
posts and year of surgical training or the year fellowship was awarded. Where a 
respondent had exposure to performing an open cholecystectomy, respondents were 
asked to specify the most common indication and the approximate percentage 
performed electively.  
 
Reporting of the results is in compliant with the STROCSS criteria 
(Strengthening the reporting of cohort studies in surgery) [11].  
 
2.1 Statistical methods  
Descriptive and comparative analytical methods were used. Categorical and 
Likert items are reported as number and per cent. Continuous data are reported as 
median and inter-quartile range (IQR). A Pearson chi-square test or Mann-Whitney U 
test was used to compare responses between trainees and consultants depending 
on whether the outcome of interest was a categorical or continuous variable, 
respectively. A two sided P-value <0.05 was considered statistically significant. 
Missing data are reported. Statistical analysis was performed using SPSS version 20 
(IBM, Armonk, NY).  
 
3. Results  
A total of 135 respondents participated in the survey between 3 December 
2014 and 16 June 2015; 59 (45%) were trainees, 59 (45%) were general surgery 
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consultants (fellows) and 12 (9.9%) did not specify their level of training. Three 
consultant surgeons that completed their fellowship training more than 5 years ago 
were excluded from further analysis. Demographic details of the included trainees 
and new fellows are shown in Table 1. The survey represented 23% (59/260) of 
surgical trainees and 16% (56/344) of new fellows in Australia and New Zealand. 
 
3.1 Exposure  
Table 2 compares the exposure to elective cholecystectomies by trainees and 
new fellows. There were no differences in the proportion of open cholecystectomies 
performed electively (P = 0.71). Dense adhesions and difficult anatomy (Figure 1) 
were the most common responses reported for performing an open 
cholecystectomy.  
 
3.2 Confidence  
Table 3 summarises trainee and new fellow responses relating to confidence 
in performing laparoscopic and open cholecystectomies. Figure 2 shows perceived 
confidence (per cent “strongly agree” or “agree”) in performing an independent 
cholecystectomy as a surgical consultant by number and type of exposure to open 
cholecystectomies. Respondents who were involved in more than 20 open 
cholecystectomy procedures either as an assistant or independent operator (n = 75), 
compared with those less exposed (n = 41), were more likely to feel confident to 
independently perform an elective open cholecystectomy (87.8% vs. 57.3%, P = 
0.001), independently convert from a laparoscopic to open cholecystectomy (87.8% 
vs. 58.7%, P = 0.001) and independently perform an open cholecystectomy as a 
surgical consultant based on trainee exposure (73.2% vs. 45.3%, P = 0.004). There 
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was no significant difference between exposure to more than 20 open 
cholecystectomy procedures versus less than 20 procedures in terms of confidence 
to perform an elective laparoscopic cholecystectomy (95.1% vs. 94.7%, P = 0.92).  
 
 
4. Discussion  
This observational study explores exposure and confidence of general 
surgical trainees and new fellows in performing cholecystectomy via an open versus 
a laparoscopic approach. We found that only 1 in 5 current surgical trainees (16.9%) 
had witnessed or assisted more than 20 open cholecystectomies and only 1 in 8 
(15.3%) had performed more than 10 open cholecystectomies independently or 
under direct supervision. In contrast, almost 40% of surgical consultants who 
completed their training in the past 5 years had performed more than 10 open 
cholecystectomies as trainees, while only 11% had performed more than 20. This 
study found that for both trainees and new consultants exposure to open 
cholecystectomies was associated with confidence in independently performing the 
procedure and converting from a laparoscopic to open cholecystectomy.  
 
Whether the difference in exposure between current surgical trainees and 
new fellows was due to completed years on the training program or to changes in 
exposure over time cannot be determined from this study. However, we hypothesise 
that both factors may have contributed to the differences observed. In recent times 
concern regarding the scope of surgical training has been raised.  A recent editorial 
[12] has highlighted that although minimally invasive surgery has many advantages 
for patients, such as decreased intra-operative blood loss, shorter hospital stay and 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
9 
 
earlier return to work, an open approach may still be indicated for complex cases. 
Laparoscopic techniques have been the fastest growing area of surgery in recent 
times and learning curves have been established. Our results suggest a similar focus 
needs to shift back to open surgical procedures, which although eclipsed by 
laparoscopic techniques, remain in many cases a suitable alternative and in some 
cases the preferred approach [4]. 
 
In an Australian setting, Abdelmalek et al. surveyed 159 surgical trainees and 
42 supervisors to ascertain the number of procedures they felt should be performed 
to achieve competency across 15 core surgical skills [13]. Open cholecystectomy 
was the only procedure that did not achieve the caseload expected by supervisors. 
The expectation of respondents was that 21-50 open cholecystectomies should be 
performed, while the actual caseload was between 12 and 20. Furthermore, 
respondents expected that the trainee should perform 61-70% of open 
cholecystectomies, while only 1-10% were independently performed by the time the 
trainee entered the 4th or 5th year of the training program. The reason for this 
discrepancy was thought to be multifactorial and include operative time constraints, 
assistance provided by the supervisor and evolution of the surgical training program 
in Australia and New Zealand. Similar reasons may have contributed to why our 
study found that exposure to performing open cholecystectomies was below 
threshold expectations. While surgical trends mean that trainees may be proficient in 
the laparoscopic version of an operation, lack of experience of conversion to open 
may be a deterrent even when it is indicated. 
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Technical skill and ability of the new generation of laparoscopic surgeons 
means that many common complications encountered during laparoscopic surgery 
can be dealt with without having to perform a laparotomy. However, there remain 
situations where the procedure cannot proceed via laparoscopic means.  As cited by 
Chung et al., non-surgical options were preferred by advanced trainees over open 
exploration of the common bile duct for stones. T-tube use and management, 
indications for open surgery and management of unexpected events during 
cholecystectomy were poorly described and understood [14]. Examples of situations 
where conversion should be strongly considered include unusual anatomy, 
questionable injury to the bile ducts, unexpected gallbladder cancer or Mirizzi 
syndrome. Without adequate training in open approaches it would seem that 
decision-making by surgical trainees in such situations may be impacted. 
 
This study has a number of limitations that deserve mention. First, while we 
surveyed one quarter and one sixth of trainees and new consultants, respectively, 
our survey may not be representative of all Australian and New Zealand surgical 
trainees or new fellows. This study was cross-sectional and we cannot make any 
conclusions on overall exposure to open cholecystectomy that surgical trainees will 
receive by the end of the training program. Furthermore, apart from the number and 
type of procedures assisted with, we cannot draw any conclusions on other factors 
that may impact confidence in performing open cholecystectomies, such as 
supervision quality, exposure to simulation training or personal interest. 
 
This study provides contemporary information on trends in surgical training; 
however, addressing perceived shortfalls requires careful consideration of factors 
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relating to ethics, logistics and effectiveness of training opportunities. The 
laparoscopic era has brought with it new issues that are only now becoming 
apparent, and training opportunities for open procedural skills is one of these 4. 
Strategies across several surgical specialties have been proposed to address this 
shortfall including use of simulators. One meta-analysis collated several studies for 
surgical simulation including those using human cadavers (4 studies) and animal 
models (2 studies). While simulation of surgical technique on animals did not 
improve skills in the operating room, the improvement seen in technical skill after 
operative simulation on cadavers was transferred to real-life situations [15]. A 
porcine liver and gallbladder housed in a mock human abdomen were used by 
Rittenhouse et al. to assess hand movement efficiency using infrared cameras [16]. 
Not surprisingly, novices used more hand movements and were slower than the 
experts in performing the task. Such a model may give real-time feedback to 
participants in the technical aspect of open cholecystectomy.  
 
Technical know-how does not complete the picture. While tactile sensation  
afforded by conversion may improve the chances of a successful operation, difficult 
cholecystectomies are often difficult laparoscopically or open, and exposure may be 
worse via laparotomy. Further, indications for open cholecystectomy from the outset 
and conversion from laparoscopy to an open approach must also be a component of 
training. Most series report conversion rates between 5-10%, although some are as 
low as 1-2% [17,18]. The most common indication however is when a 
cholecystectomy is performed in conjunction with another procedure requiring a 
laparotomy such as a right hemihepatectomy or pancreaticoduodenectomy. Visser et 
al. cited two pathologies requiring open cholecystectomy from the outset: gallbladder 
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cancer and Type II Mirizzi syndrome with cholecystobiliary fistula [19]. Such complex 
cases are more often referred to tertiary level hepato-biliary services if recognised 
preoperatively. While opportunity to complete a hepato-biliary rotation at a tertiary 
centre (63% in our study) may increase exposure to open cholecystectomy 
procedures, this may not be logistically feasible for all trainees and alternative 
opportunities are few. Increased opportunities for training in small-incision 
cholecystectomy may provide an ethical and evidence-based alternative to 
laparoscopic procedures [4]. 
 
 
Further, there remains the ever-present perception that conversion to open 
surgery may be seen as a failure. Indeed, what makes conversion that different?  
Giger et al. established that regardless of technical skill level of the surgeon, if a 
laparoscopic cholecystectomy lasts for more than 2 hours, peri-operative 
complications are 4 fold greater when compared with conversion [20]. Certainly a 
conversion when indicated should be viewed as an appropriate decision if it reduces 
peri-operative morbidity. Other options in these situations must be considered, such 
as performing a subtotal cholecystectomy, the futility as pursuing operative 
intervention at all, the seniority and experience of the surgeons in the room (i.e. does 
help need to be called for?) and the consideration of alternatives such as  
percutaneous cholecystostomy and endoscopic retrograde cholangio-
pancreatography.  
 
5. Conclusion 
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Our study suggests that exposure and confidence in performing open 
cholecystectomies is an important consideration in surgical training. Small incision 
techniques and implementation of adjuncts, such as meaningful simulation models or 
widely available video libraries and tutorials, may be the way of the future given 
limited access of more complex cases during training. Recognition of potential 
shortfalls in surgical training gives opportunity for surgical educators to contemplate 
alternative training methods and apply evidence-based observations to practice.  
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Figure Legends  
Figure 1. Reported indications for performing an open cholecystectomy. 
Figure 2. Perceived confidence in performing an open cholecystectomy as a surgical 
consultant based on the number and type of exposure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
18 
 
Table 1  
Characteristic Surgical trainees  
n (%) 
(n = 59)† 
New fellows  
n (%) 
(n = 56)† 
Years post medical school‡ 9 (8-12) 12 (10-13) 
Gender, female 20 (33.9) 20 (35.7) 
Trainee exposure 
Metropolitan hospital 
Regional/rural hospital 
Specialist hepatobiliary 
team 
Hepatobiliary fellowship  
 
55 (93.2) 
59 (100.0) 
35 (40.7) 
 
0 
 
53 (94.6) 
51 (91.1) 
38 (67.9) 
 
10 (17.9) 
SET year 
3 
4 
5 
6 
 
20 
20 
16 
3 
 
Not applicable 
Years post fellowship‡ Not applicable 2 (2-3) 
†Complete demographic details were not available for 19 respondents.  
‡Calculated as difference in years between year of medical school graduation or 
fellowship and 2015. 
 
 
Legend: Demographic characteristics of trainee and new fellow respondents 
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Table 2  
Exposure Surgical trainees 
n (%) or median 
[inter-quartile 
range] 
(n = 59) 
New fellows 
n (%) or 
median [inter-
quartile range] 
(n = 56) 
Significance 
(P-value)† 
Witnessed or assisted: 
0 
1-5 
6-10 
11-20 
21-50 
>50 
 
0 
10 (16.9) 
22 (37.3) 
17 (28.8) 
10 (16.9) 
0 
 
0 
7 (12.5) 
7 (12.5) 
13 (23.2) 
26 (46.4) 
3 (5.4) 
 
0.001 
Performed under direct 
supervision: 
0 
1-5 
6-10 
11-20 
21-50 
>50 
 
 
15 (25.4) 
26 (44.1) 
10 (16.9) 
7 (11.9) 
1 (1.7) 
0 
 
 
4 (7.1) 
14 (25.0) 
17 (30.4) 
15 (26.8) 
5 (8.9) 
1 (1.8) 
 
 
0.008 
Independently performed: 
0 
1-5 
6-10 
11-20 
21-50 
>50 
 
49 (83.1) 
8 (13.6) 
1 (1.7) 
0 
1 (1.7) 
0 
 
34 (60.7) 
12 (21.4) 
5 (8.9) 
3 (5.4) 
0 
2 (3.6) 
 
0.008 
Elective (%) 25 [1-70] 30 [10-80] 0.71 
†P-values were calculated using a Pearson chi-square test for “witnessed or 
assisted” with 5 categories (0 excluded) and 2 categories (0 vs. other) for 
“performed under direct supervision” and “independently performed”. A Mann-
Whitney U test was used to compare the percent of elective cholecystectomies.  
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Legend: Exposure to open cholecystectomies during training for trainees and new 
fellows 
Table 3  
Statement Surgical 
trainees 
n (%)† 
(n = 59) 
New fellows 
n (%)† 
(n = 56) 
Significance 
(P-value)‡ 
I feel confident to independently perform 
an elective laparoscopic 
cholecystectomy 
54 (91.5) 55 (98.2) 0.21 
I feel confident to independently perform 
an elective open cholecystectomy 
25 (42.4) 53 (94.6) <0.001 
I feel confident to independently convert 
from a laparoscopic to open 
cholecystectomy 
28 (47.5) 51 (91.1) <0.001 
I feel my exposure to open 
cholecystectomies as a SET trainee was 
adequate for me to feel confident to 
perform an open cholecystectomy 
independently as a surgical consultant 
24 (40.7) 40 (71.4) 0.001 
†Cell values refer to the number (%) of respondents reporting “strongly agree” or 
“agree” with the statement.  
‡P-values calculated using a Pearson chi-square test or Fisher’s exact test, as 
appropriate. 
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Legend: Level of confidence for trainees and new fellows 
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Article Highlights  
 
• New fellows and trainees may have limited exposure to open cholecystectomy.  
• We explore the experience and confidence of these surgeons in conversion.  
• The confidence and experience to convert from laparoscopy to open surgery is lacking.  
• Greater recognition of the need for exposure during training may assist.  
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